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(57) Abstract 

The invention relates to a phased array antenna sys- 
tem comprising an indoor equipment, a mast top equipment 
and at least one feeder cable between the indoor equip- 
ment and the mast top equipment wherein different kinds 
of signals are transmitted simultaneously on the at least one 
feeder cable. 
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Field of invention 

The present invention relates to an antenna system comprising an indoor 
equipment, a mast top equipment and at least one feeder cable between the indoor 
equipment and the mast top equipment. 

15 

Prior art 

Today's base stations use omni-directional or tri-sector directional antennas. 
Figure 1 discloses for example the structure of a tri sector site. This requires only a 
few feeder cables from the groundbased equipment (ANI: Antenna equipment 
20 indoor; indoor equipment) up to the antenna box (ANB; mast top equipment). 

In a phased array antenna system with multiple beams, the number of feeder 
cables is increased dramatically, and the cost of the cables becomes a significant 
part of the system cost. Also volume and weight become a problem. All cabling 
between indoor equipment and mast head equipment must be protected against 
25 lightnings. In the case of multiple feeder cables, this implies a large number of 
lightning protection devices, which is very expensive. 

The object of the present invention is to achieve the above mentioned phased 
array-antenna system while reducing the number of feeder cables to a minimum. 

30 Brief description of the invention 

The above object is achieved by means an antenna system as claimed in claim 

1. 

The antenna system of the invention allows already installed feeder cables to 
be re-used. It also reduces the number of cables between base station and mast 
35 head equipment. The space occupied by cables, and the weight of the cables is 

reduced significantly. The cost of the cables is of course also reduced significantly. 

By sending local oscillators frequencies on the same cable, the requirements 
on the local oscillators are reduced. 

Mast head equipment must always incorporate lightning protection. By using 
40 a single cable instead of multiple cables, this protection is simplified. 



WO 99/26317 PCT/SE98/01929 

2 

Other features of the invention are set out in the dependent claims. 

Brief description of the drawings 

A detailed description of the invention is given below with reference to the 
5 following drawings, of which: 

Figure 1 discloses the cable structure of a tri-sector antenna system in 
accordance with prior art; 

Figure 2 discloses the cable structure of the antenna system according to the 
invention; 

10 Figure 3 is a schematic circuit diagram of the mast top equipment ANB and 

the indoor equipment ANI according to Figure 2; 

Figure 4 is a realisation of the splitter/combiner using a multiplexer; 
Figure 5 discloses the frequency distribution on the feeder cable of different 
signals used in the invention; 
1 5 Figure 6 is a table of the frequencies used in Figure 5 . 

Detailed description of an embodiment of the invention. 

Figure 2 discloses the structure of the phased array antenna system in which 
the feeder cables of the tri-sector antenna in Figure 1 can be used. In Figure 2 each 

20 BTS (Base Transceiver System) is connected to ANI (Antenna equipment indoor) 
which in turn is connected to each of the ANB (Antenna box) via feeder cables. 
Each ANB is in turn connected to an antenna panel PAA with 8 columns. It is to be 
emphasized that the same feeder cables from the old antenna system in Figure 1 
can be used in the antenna system in Figure 2. This means that the already installed 

25 cables of the tri-sector site in Figure 1 can be re-used in the antenna array system 
of the invention. 

The underlying principle of the invention and the blocks ANI and ANB will 
now be described with reference to Figure 3. 

The invention uses a method similar to that used in cable television, namely 

30 frequency multiplexing a number of signals on the same cable but in contrast to 
cable television, there are only a limited number of initial frequencies (in principle 
only the RX- and TX-frequencies). The following description refers to an imple- 
mentation of NMT-450, but the same principle can be applied to other mobile 
telephone-, wireless local loop- or radio communication systems. The described 

35 system uses an antenna panel with 8 dipole columns, the signals to each dipole 
column being individually controlled. This means that from each antenna panel, 16 
RF feeder cables are necessary. In an antenna system up to 20 or more antenna 
panels are combined. A 20 panel antenna would need 320 antenna feeder cables. 
With this invention, only 20 feeder cables are necessary (i.e. one cable for each 

40 panel, see Figure 2). 
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The invention consists of two parts: The indoor part and the mast head part. 
As can be seen in Figure 3, each antenna element (dipole element) is con- 
nected to a duplexfilter in the mast head part where RX-signals and TX-signals are 
separated.The signals at RX frequency are amplified in a low-noise amplifier and 
5 then converted to a new frequency in a mixer using a local oscillator signal It is 
then combined with the signals from the other dipole columns, transmitted on the 
common feeder cable to the indoor equipment where it is converted back to its 
initial frequency. In the same way, TX-signals are frequency converted in the 
indoor part, combined and transmitted on the common feeder cable to the mast 
10 head equipment, converted back to their initial frequencies and amplified to the 
needed output power before being fed to the antenna dipole column. 

A critical component is the filter splitter/combiner. It consists of a number of 
bandpass filters that are connected together at one end. The bandpass filter trans- 
mits only the frequency of interest, where it presents a matched impedance. For all 
15 other frequencies, it presents a high reflection coefficient. As all bandpass filters 
are tuned to different frequencies, only one will load the feeder cable at each 
frequency. Other realisations are also possible, e.g. first a multiplexer which splits • 
the frequency band in two or more subbands, each subband having its own filter- 
bank, which can be seen in Figure 4. The multiplexer in Figure 4 could be arranged 
20 between the bank of bandpass filters and the capacitor of the feeder cable in the 
antenna indoor equipment in Figure 3. 

Phased array antenna technology requires that a tight control of the phase 
shift of the signals being fed to the antenna is maintained. The phase shift can be 
controlled by measuring and comparing the phase of signals coming out of the 
25 multiplexer. It is then advantageous to send the reference signal at the RX- or TX- 
frequency, without frequency conversion. 

The same feeder cable can also be used for DC or AC power supply, which 
will be described below. 

The same feeder cable is also used for digital signalling between indoor and 
30 mast head equipment (data channel) by modulating the digital signals on a carrier. 
Wellknown modulation types as FM, FFSK, QPSK etc. can be used. 

Also the local oscillators used for frequency multiplexing are included on the 
same feeder cable. As the same oscillators are used for up- and downconversion, 
the requirements on these local oscillators in terms of frequency stability and phase 
35 noise are reduced considerably. The achievement of the same local oscillator fre- 
quencies in the mast top equipment and the indoor equipment will be discussed in 
detail below. 

In case a multibeam antenna according to the invention is replacing an 
existing antenna, the already installed feeder cables can be re-used. 
40 Different frequency plans are possible, among others: 
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- LO under or over the RBS frequency band (over will be used), see Figure 6. 

- RX-signals and TX-signals use the same LO or RX-signals occupy one 
frequency band and TX-signals another frequency band. 

- The data channel can be placed anywhere, e.g. below the lowest RF frequency 
5 (below 1 00 MHz), in a band used for unlicensed transceivers (e.g. 433MHz), 

see Figure 6, or above the highest RF frequency. 
In Figure 5 a specific frequency plan is disclosed. The distribution of the 
frequencies can be seen in this Figure. The signals are transmitted on the feeder 
cables with this frequency distribution. It should be realized that LORXi - LOTXg 
10 in Figure 5 correspond to LO (over) in Figure 6. TXj - TXs in Figure 5 correspond 
to TX (284,5 MHz - 396,5 MHz) in Figure 6. RXi - RXg in Figure 5 correspond 
to RX (102,5 MHz - 214,5 MHz) in Figure 6. The control channel (data channel) 
in Figure 5 uses 433 MHz and its bandwidth is approximately 2 MHz. The band- • 
width of RXi - RX8 and TXi- TXs is approximately 5 MHz. The channel spacing 
1 5 between RXi - RXg, TXi - TX 8 , LORX! - LORXg and LOTXi - LOTXg is 
approximately 16 MHz. RX uses 452,5 MHz and TX uses 462,5 MHz as can be 
seen in Figure 5 and 6. A signal TX in r , (462,5 MHz) is for example mixed by 
LOTXi (747 MHz) as is seen in Figure 3. The new signal frequency is now 747 
MHz ± 462,5 MHz but the sum is filtered away. Thus the new signal frequency is 
20 747 MHz - 462,5 MHz = 284,5 MHz in accordance with Figures 5 and 6. The 
frequencies of the local oscillators are multiplexed directly via a filterbank 
(preferably 8 bandpass filters) on the feeder cable as can be seen in Figure 3. DC- 
and AC-signals are injected directly on the feeder cable via an inductor which 
attenuates high frequencies (see Figure 3). In the mast top equipment the TX m i, is 
25 converted back to its initial frequency by the same local oscillator frequency (i.e. 
747 MHz - 284,5 MHz = 462,5 MHz) and amplified to a specific output power 
before it is transmitted by the antenna panel. 

In the mast top equipment, TX-signals are reconverted to the original 
frequency, and RX-signals are converted to new frequencies using local oscillators. 
30 The same local oscillator frequencies are used in the mast top and the indoor 
equipment. The local oscillators in the indoor equipment are typically frequency 
synthesized oscillators using the same reference frequency (e.g. 10 MHz). The 
requirements on the local oscillators in terms of spurious, harmonics and noise are 
high in order not to degrade the performance of the base station. Also, because this 
35 is used in phased array antenna system, the phase difference between the different 
RX channels and different TX channels must be under control. 

There are at least two possibilities to obtain the local oscillator signals in the 
masthead equipment. 

1 . Duplicate the synthesized oscillators of the indoor equipment. This is complex 
40 because the phase difference between the local oscillators must be controlled^ 
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With a conventional synthesizer, the phase is not known at start-up. Also, phase 
noise can be a problem and degrade the sensitivity of the system. 
2. Multiplex the local oscillator signals from the indoor equipment on the same 
cable as the other signals. Since the same local oscillator is used both in the 
5 indoor and masthead equipment, phase noise will be correlated in the up- 

conversion process and the down-conversion process, and thus the requirement 
on phase noise will be reduced for both indoor and masthead equipment. Also 
the relative phase of the local oscillators will be under control. 
The multiplexed AC-signals or DC-signals are used as power supply in the 
10 mast top equipment. The multiplexed data signals on 433 MHz are used to control 
the mast top equipment, or to send information from the mast top equipment to the 
indoor equipment. 

The above mentioned is only to be considered as a preferable embodiment of 
the invention, and the scope of the invention is only limited by following claims. 

15 
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Claims 

1. An antenna system comprising an indoor equipment (ANI), a mast top 
equipment (ANB) and at least one feeder cable between said indoor equipment and 
said mast top equipment, characterized in that different kind of signals are trans- 

5 mitted simultaneously on said at least one feeder cable. 

2. An antenna system as claimed in claim 1, characterized in that said 
signals are multiplexed on said at least one feeder cable. 

3. An antenna system as claimed in claim 2, characterized in that said 
signals are frequency multiplexed on said at least one feeder cable. 

10 4. An "antenna system as claimed in any of the preceding claims 

characterized in that said signal are RX-signals, TX-signals, local oscillator 
signals, control signals, AC-signals and DC-signals. 

5. An antenna system as claimed in any of the preceding claims, 
characterized in that said antenna system is a phased array antenna system 

1 5 comprising an arbitrary number of antenna panels with an arbitrary number of 
antenna element columns. 

6. An antenna system as claimed in claim 5, characterized in that each 
antenna element in said columns is connected to a duplexfilter in said mast top 
equipment where RX-signals and TX-signals are separated, said duplex filter is 

20 connected to an amplifier where RX-signals are amplified, which amplifier is 
connected to a mixer where said RX-signals are converted to a new frequency by 
means of a local oscillator signal, wherein said RX-signals on said new frequency 
are combined with converted RX-signals from other antenna element columns by 
means of a combining unit, preferably a bank of bandpass filter, and transmitted on 

25 said at least one feeder cable to said indoor equipment where they are converted 
back to their initial frequencies by means of same local oscillator signal. 

7. An antenna system as claimed in claim 6, characterized in that a TX- 
signal (TXi n i) is frequency converted in the indoor equipment by means of a local 
oscillator signal (LOTXi), combined with other converted TX-signals by means of 

30 a combining unit, preferably a bank of bandpass filter in the indoor equipment and 
transmitted on said at least one feeder cable to the mast top equipment, converted 
back to its initial frequency by means of same local oscillator signal, amplified in a 
amplifier in the mast top equipment to needed output power, wherein said ampli- 
fier is connected to an antenna element in said antenna panel for transmission of 

35 said TX-signal. 

8. An antenna system as claimed in claims 6 and 7, characterized in that said 
combining unit is bandpass filters which are connected together at one end and 
constitute a splitter/ combiner in the indoor equipment and the mast top equipment, 
respectively. 
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9. An antenna system as claimed in any of claims 6-8 a characterized in that 
said local oscillator signals from said indoor equipment are multiplexed directly 
via a bandpass filter on said at least one feeder cable and transmitted to said mast 
top equipment. 

5 1 0. An antenna system as claimed in any of claims 6-8, characterized in that 

said local oscillator signals in the said mast top equipment are obtained by dupli- 
cating synthesized oscillators of said indoor equipment. 

1 1 . An antenna system as claimed in any of claims 6-10 characterized in that 
said AC-signals, DC-signals are injected on said at least one feeder cable via an 

10 inductor. 

12. An antenna system as claimed in claims 6-11 characterized in that said at 
least one feeder cable is used for digital signalling by modulating, preferably FM, 
FFSK, QPSK, a digital signal on a carrier. 

13. An antenna system as claimed in any of claims 6-12 characterized in that 
15 same local oscillator signals are used for both upconversion and downconversion. 

14. An antenna system as claimed in any of the preceding claims 
characterized in that in case a multibeam antenna system, i.e. phased array 
antenna system, is replacing an existing, antenna system, the already installed at 
least one feeder cable is re-used. 
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